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The author examines the zero net house (ZNH) concept and makes preliminary assessments of suitability 
for Alberta. The aim is to improve energy efficiency and reduce green house gas (GHG) emissions. The 
author compares a theoretical ZNH model, constructed from available historical data; construction data; 
and trends of consumption in Alberta to models of average class house (ACH) and industry-endorsed 
technical performance standard (R-2000). Results indicate that ZNH is capable of achieving more GHG 
reduction levels and reduces energy requirements of occupants compared to ACH and R-2000. Construc- 
tion costs of ZNH in Alberta exceed that of ACH by 15% but falls within literature’s range. With energy 
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Albert. 
anal efficiency escalation rate of 15% per year, the ZNH savings could potentially allow occupants to pay off a significant 
part of the ZNH. 
© 2011 Elsevier Ltd. All rights reserved. 
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1. Introduction 


As global warming effects on our environment intensify, there 
is urgency among many to advance mitigation from the domain of 
volunteerism into the realm of policy and regulation. On a global 
scale, buildings will contribute a third of green house gases (GHG) 
by 2030 [1,2]. Half of this energy is used for space heating/cooling; 
the other half is consumed as electricity [3,4]. Approximately 85% of 
this energy is generated from fossil fuels. The potential reduction 
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of energy expenditure and emissions through efficiency is there- 
fore significant [2]. GHG levels coupled with increasing cost of 
fossil fuels are making efficiency concepts, such as zero net housing 
(ZNH), attractive. ZNH is a designation awarded to a dwelling that is 
capable of producing similar amount of energy as it consume over 
a period of 1 year [5]. 

Transitioning housing to environmental efficiency in Alberta 
is complicated by sever climate and reliance of the government 
on oil extraction royalties for generating income (Government of 
Alberta 2009, [6]). As the limited oil reserves diminish, increased 
reliance on dirtier resources such as the oil sands, to meet energy 
and revenue needs, Alberta’s environment is becoming increasingly 
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polluted and the government is failing to fulfill its commitment to 
reduce GHG. 

To correct this unsustainable course, the author invites the gov- 
ernment to seriously consider energy efficiency in the residential 
sector to save valuable resources by enforcing reasonable envi- 
ronmental regulation. Citizens of Alberta would benefit most by 
reducing their reliance on fossil fuels; save money by conserv- 
ing energy; maintaining levels of comfort they expect from their 
homes; and reduce environmental impact on future generations. 

To advance this view, the author will examine the ZNH con- 
cept and consider its suitability for Alberta. The author will make 
a preliminary assessment to the effectiveness of ZNH measures in 
reducing GHG emissions and if measures reduce reliance on fos- 
sil fuel. The author will use an average class house (ACH) built in 
Alberta as a baseline to compare the efficiencies of industry adopted 
environmental standard for residential construction (R-2000) and 
ZNH. 


2. Previous studies 


In 2006, there were approximately 1,335,745 dwellings in 
Alberta with a population of 2.5 per dwelling [3]. Construction 
industry contributions to the GDP in Alberta grew by 63% between 
1997 and 2006, resulting in an increased destructive impact on the 
environment [3]. Meanwhile, other governments were legislating 
GHG reduction measures for buildings. The government of New 
York City, for example, requires buildings above 5000 ft? to submit 
energy audits and mandate actions to reduce energy consumption 
[4]. Britain also has set a target for all new houses to be net-zero 
carbon by 2016 [7]. Several provinces in Canada have been tak- 
ing steps to encourage more efficient buildings. British Colombia 
and Manitoba have implemented measures to upgrade energy effi- 
ciency requirements in building codes, and many building codes 
within Canada are moving towards emphasis on efficiency but most 
measures are voluntary, such as the R-2000 certification [8,9]. 

Moomaw, discussing the results of his NZH experimentation, 
has indicated that the house is capable of energy savings of 84% 
compared with a house built to Massachusetts code. He also indi- 
cated that electrical needs could be met by a solar panels array 
producing 7 kWh/day on average. Most importantly, the Moomaw 
ZNH construction expenditure was an additional 10% above average 
cost. 

A study conducted in 2006 collected and compared data from 
two identically sized houses in Las Vegas, Nevada. It established 
that it is indeed possible to reduce the yearly energy use to near 
zero by implementing good design methods and alternative energy 
sources [5]. 

A cost-benefit study conducted in 2006, on a net-zero energy 
residence house at the University of Dayton, Ohio, concluded that 
the design implemented was able to deliver a zero net energy usage. 
That specific design, while managing to offset energy costs and 
emission, will take 35 years to recover construction costs because 
of electricity bill payment mechanisms. 

A case study for affordable ZNH assessed its suitability for cold 
climates. The U.S. Department of Energy supported study examined 
a 1200 ft? house in Denver, Colorado. It aimed to optimize solutions 
to move design towards a simplified, easily maintained system with 
friendly construction techniques. The house included an efficient 
envelope, appliances and lighting, and passive and active solar fea- 
tures [10]. The house used the solar array to offset dependence on 
natural gas for heating. Results showed that the house surpassed 
its goal of zero net and produced 24% more energy than it needed. 
It also found that sizing a PV system is difficult with predictions of 
energy use being reliant on the behavior of occupants. Economic 
return from selling excess energy was dependent on net metering 


Table 1 

Summary of values used to determine consumption levels. 
Daytime average temperature in Canadian homes (°C) 20-22 
Nighttime average temperature in Canadian homes (°C) 16-18 
Average electrical usage in Alberta homes (kWh/m) 600 
Average natural gas usage in Alberta homes (GJ/m) 11 


agreements and did not result in a zero utility bill because of fixed 
costs. The study determined it was possible to build a ZNH from 
off-the-shelve material [10]. 

The literature reviewed here leans towards suggesting, with 
mixed results, that a ZNH is capable of delivering financial and 
environmental benefits. Research conducted in this area appears 
to lag behind other research into building efficiency such as LEED! 
[11]. Most researchers, such as Norton and Christensen, admit that 
the success of ZNH designation ultimately relies on the habits of 
the occupants; however, the author found no studies that outlined 
the characteristics of such occupants and divergence levels from 
the average. There were no long-term studies that considered the 
structure and occupants within it that collected data on more than 
two houses. This area of research could benefit from large-scale 
studies with a social and psychological focus. 


3. Data collection program 


The baseline model is an average construction house derived 
from reviewed literature and Albertan averages. The cost of 
construction of an ACH is $101 USD/ft? (R.S. [12]). Values of con- 
sumption for the ACH are summarized below Table 1. 


3.1. Common features between house models 


The basic model is designed from standard plans. It is a two story 
detached house with a fully developed basement built in 2009.2 
Living area is equal to 2000 ft? with1500 ft? heated ([9], p. 53). It has 
windows distributed equally in all cardinal directions. The unit’s 
four occupants need an average of 600 kWh/m of electricity and 
11GJ/m of natural gas to maintain average temperature of 22°C 
[13,14]. 


3.2. Average class house 


The ACH represents the average contemporary house in Alberta 
with no consideration to passive solar orientation. It meets energy 
performance requirements of Alberta building code (see Table 2). It 
cost an average of $101.83 USD/ft? (price adjusted for region) (R.S. 
[12]). It has R12 insulation in the walls and R34 in the attic. The 
ACH connects to the grid to meet energy needs. The cost of the ACH 
unit is about $203,660 USD (R.S. [12]). 


3.3. The R-2000 house 


This model is built according to industry-endorsed technical 
performance standard for indoor air tightness quality and energy 
efficiency. The R-2000 standard is voluntary [15]. The stated energy 
efficiency, at a minimum, is 30% above that of the ACH [16]. Similar 
to the ACH, the R-2000 connects to the grid for energy supplies. 
To achieve certification level, the R-2000 house utilizes innovative 
technologies and construction techniques, such as better grades 
of insulation, Energy Star certified appliances and a heat recovery 


1 Greening buildings has been proven financially beneficial and analysis of returns 
on LEED certified building ranges between $48 and 67 USD/ft?. 

2 Detached houses constitute about 60% of all residences in Alberta (Natural 
Resources Canada (NRCan, 2007, p.13). 
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Table 2 


Thermal insulation requirements for small buildings from the Alberta Building Code (AEEA 2009). 


Location of assembly in which insulation is placed 


Minimum thermal 


resistance 
RSI R-value 
Wall assembly (except Building exterior 2.1 12 
basements) Between building and attached garage 2.1 12 
Exterior of heated garage 2.1 12 
Basement and crawl space Perimeter walls (top to 600 mm below grade) 1.4 8 
Floor assembly Perimeter 21 12 
Exposed cantilevers 3.5 20 
Roof-ceiling assembly Building-general 0.6 34 
Heated garage 0.6 34 


Table 3 

Summary of key characteristics between houses compared. 
Item ACH R-2000 ZNH 
Walls cost ($USD) 100%? 107%: 107%: 
Windows cost ($USD) 100%3 192%: 192%: 
Ceiling cost ($USD) 100%3 105%: 105%: 
Walls insulation (R) 12 39° 39° 
Windows insulation (R) a> 5° 5° 
Perimeter insulation (R) 18> 23° 23° 
Roof insulation (R) 34> 49° 49° 
Infiltration (ACH) Air changes/hr 0.62€ 0.355 0.355 
Programmable thermostat used Yesi Yesi Yes! 
Daytime temperature (°C) 20-224 20-224 20-224 
Nighttime temperature (°C) 16-184 16-184 16-184 
Connected to natural gas grid Yes Yes None 
Furnace efficiency 80% 80%: None 
Air Conditioning (COP) 10° 10° None 
SEER heat pump None None 14.5° 
Heat recovery Ventilator None Yes Yes 
Photovoltaic array None None Yes 
Connected to electrical grid Yes Yes Yes 
è R.S. Means 2006. 
> AFEA 2009. 
¢ [30]. 
4 [13]. 


ventilator (see Table 3). Additional cost for R-2000 certified house 
is about 5% above the ACH [17]. 


3.4. The zero net house 


To qualify as ZNH, a house needs to conserve energy as well 
as produce it with a net-zero energy consumption and net-zero 
carbon emissions over 1 year. The model used here is similar to 
R-2000 with three major exceptions: 


1. The house uses Larsen trusses to achieve higher insulation value 
[10,4]. 

2. It is not connected to the natural gas grid; occupants rely on a 
geothermal system installed on site to meet their heating needs. 

3. Electrical consumption from the grid will be zero or a negative 
value; electrical power will be supplied from a photovoltaic array 
(PV) installed on site. 


3.5. Comparison of techniques/technologies used in the houses 


1. Envelop insulation: The ACH meets building code insulation level. 
Meanwhile the envelope for the R-2000 and ZNH meet the 
minimum 30% additional efficiency required by R-2000 speci- 
fications. 

2. Heat recovery ventilator (HRV): The ACH lacks a HRV but it is 
required by the R-2000 and ZNH specifications. The model con- 
sidered here is a Fantech SHR3005R SHR Series, with 247 ft3/min, 


and apparent sensible effectiveness of 91% at —25 °C [18]. It costs 
$1420 USD [19]. 

3. Direct exchange geothermal system (DX): Installed only for the 
ZNH, this flexible and highly effective system is significant in 
achieving a net-zero designation [20,21]. The system can be used 
for heating and cooling. It cost about $6 USD/ft? for an estimated 
3 ton of capacity [22]. 

4. PV array: Installed only for the ZNH, the model used is Kyocera 
KD210; Solectria inverter; and a grid tie solar power system WSS 
Select 4620 [23]. It will provide an estimated 693 kWh/month 
based on an average of 5h of sun per day [24]. The system is 
advertized as virtually maintenance free with a life expectancy 
of +30 years. It costs about $8.39 USD/ft? based on installation 
estimations [25]. 


Since the ZNH electrical system is connected to the grid, the elec- 
tricity fed into the grid will be credited and will cover future bills. 
However, Rafflo demonstrated that there is cost associated with 
the connection beyond electrical consumption. Bills include cost of 
generation, distribution and tax surcharge (2006). As aresult, the PV 
feed into the grid achieved savings but generated no income. The 
Alberta ZNH PV system will, most likely, produce similar results. 
The author thus will not include the electric generation surplus in 
his calculations because of estimation difficulties. 


4. Discussion and results 


The production and consumption of energy is central to eco- 
nomic activity. The residential sector current energy requirement 
is one fifth of overall energy consumption in Canada. Since the 
1980s, Alberta primary energy consumption increased three folds 
to 3,375,571TG. The IPCC 2007 report indicated that “efficiency 
options for new and existing buildings could considerably reduce 
CO2 emissions with net economic benefit (high agreement, much 
evidence)” (IPCC 2007). The good news is that GHG was reduced 
by 23% to 41,719 kton between 1996 and 2002 [3] due to techni- 
cal innovation and building code upgrades (see Fig. 1). However, 
from 1990 to 2002 electric use in Alberta increased 23% to 
60,120 mton h. 


4.1. Suitability of geothermal and solar system for Alberta 


Typical PV cells have an efficiency rating between 10 and 20%. 
The Kyocera KD210 positioned at 54°24’N latitude, the average 
power delivery is approximately 32.1 kWh/day,* using an esti- 


3 About 60% of electricity was produced by hydropower; 16% nuclear; and most 
of the remainder with fossil fuel [3]. 
4 Estimation based on information from Wholesale Solar [23]. 
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Fig. 1. Energy savings rates [14]. 


mated 518 ft? array ([26], p. 42).° Alberta has an average of 312 
sunny days per year [24] with an average solar insulation of 
3.37 kWh/m2/year (0.312/ft2). These averages are considered suit- 
able for generating electricity using PV arrays [27]. 

As for geothermal energy, maps of shallow depth tempera- 
ture demonstrate great variability across Canada with Southern 
Alberta boasting great potential. Calculations of potential geother- 
mal energy available for extraction, is vast with an estimated value 
of 1.1 E21J (1100 quads) [28]. The western platform is particularly 
large with reserve estimations that dwarf the thermal equivalent of 
all Canadian fossil fuel reserves. The utilization of such a resource 
should present a great opportunity to reduce CO, across Canada 
[29]. 


4.2. Preliminary assessment of economic return 


After examining and performing simple calculations, based on 
data collected and summarized in Table 4, the author observed the 
following: 

Calculations indicate a 5% additional cost of construction for R- 
2000 house and 15% for ZNH compared with ACH. The Moomaw 
house incurred an additional 10% cost (2010), while Rafflo’s 
incurred an additional 20% (2006). The cost estimation for a ZNH in 
Alberta is arguably reasonable and falls within the range indicated 
by previous studies. 

The total energy expenditure for the ACH is 146GJ/year; the 
R-2000, 102 GJ; and near zero for ZNH. Moomaw and Rafflo indi- 
cated similar results; the Rafflo house relied mainly on PV array 
for generation of energy. Tariffs imposed by the utility and the tax 
surcharge incurred a charge of $29 USD/year [30]. Meanwhile, the 
ZNH, and Moomaw house, incorporate the use of geothermal sys- 
tem. In both cases the heat pump uses electricity generated from 
the PV array, eliminating any operational expense. The ZNH model 
proposed by the author is able to save almost the amount expense 
of ACH’s natural gas expenditure ($1511 USD/year)—two-thirds of 
overall energy consumed by ACH. Choosing geothermal for heat- 
ing/cooling appears to accomplish a better return on investment 
when compared with the strictly solar option Rafflo investigated. 


5 Cambridge shire, UK is similarly positioned at 52°12’N. 


E Natural Gas HJ Geothermal 
40,000 


35,000 
30,000 
25,000 
20,000 
15,000 
10,000 

5,000 


Dollars Per Year 


Year Savings Total Savings 
1 $1,513.00 $1,513.00 
2 $1,885.29 $3,398.29 
3 $2,316.33 $5,714.62 
4 $2,814.99 $8,529.61 
5 $3,391.48 $11,921.09 
6 $4,057.52 $15,978.61 
7 $4,826.61 $20,805.22 
8 $5,714.28 $26,519.50 
9 $6,738.37 $33,257.87 
10 $7,919.42 $41,177.29 
11 $9,281.02 $50,458.31 
12 $10,850.35 $61,308.66 
13 $12,658.62 $73,967.28 
14 $14,741.73 $88,709.01 
15 $17,141.00 $105,850.01 
16 $19,903.93 $125,753.94 
17 $23,085.13 $148,839.07 
18 $26,747.42 $175,586.49 
19 $30,963.04 $206,549.53 
20 $35,815.08 $242,364.61 


Fig. 2. Estimation of financial return on energy savings. (Geothermal Cost Estimator, 
ND). 


All net-zero houses seem to create financial benefits; however, 
it appears that with careful design some are able to offer a bet- 
ter return on investment than others. Rafflo predicts that it will 
take 35 years for investors to recover the cost of student resi- 
dence through energy savings in Ohio. In Alberta, the historical 
price escalation rate for natural gas between 1999 and 2008 was 
approximately 40%—the recession year of 2009 was excluded [31]. 
Using a more conservative escalation rate of 15% per year for future 
natural gas prices, a simple financial estimation of return for the 
ZNH (see Fig. 2) indicates that it will take an investor about 20 
years to recover the entire cost of construction and 9 years for the 
15% additional cost of the ZNH—solely from savings on natural gas 
consumption. 


4.3. Preliminary assessment of environmental impact of ZNH 


The average energy use of a typical ACH house is equal 
to 196GJ/year. This amount is equivalent to 43781 of gasoline 
(1157 gal) [32] and produces annual CO, emissions of 10.3 mton. 
It would require 264 trees over 10 years to offset this amount of 
CO2. There were 23,000 housing starts in Alberta in 2009, a decline 
from previous years. A simple calculation based on the example 
above would indicate that the average CO3 emitted from these new 
houses is about 236,900 mton. It would require about 50,512 acres 
of pine or fir forests a year to offset this amount of emissions. Off- 
setting this amount of CO, is equivalent to reducing the seven 
coal-fired power plants operating within Alberta by 3.72% (Clean 
Energy, 2010) (Table 5). 


G.A. Zabaneh / Renewable and Sustainable Energy Reviews 15 (2011) 3237-3242 3241 
Table 4 
Comparison of costs between examined houses. 
Item For the entire house Per square foot 
ACH R-2000 ZNH ACH R-2000 ZNH 
Base cost of structure $203,660? $203,660 $203,660 $101.83 $101.83 $101.83 
Furnace Included> Included —$8559° Included Included —$4.28 
Air conditioner Included Included See note Included Included None 
Heat/cool pump NAS NA $12,000 NA NA $6.00 
Heat recovery ventilator NA $14208 $1420 NA $0.71 $0.71 
Additional 30% insulation efficiency NA $10,183 $10,183 NA $5.09 $5.09 
Electrical grid connection Included Included Included Included Included Included 
PV array system Included Included $16,780! Included Included $8.39 
Total $203,660 $215,263 235,484.00 $101.83 $107.63 $117.74 
4 Estimation is based on R.S. Means, and adjusted for Alberta (R.S. [12]). 
b Indicates item price was included in the base cost of structure. 
© Not required for ZNH and cost is removed from estimation (R.S. [12]). 
d The furnace (heating and cooling system) provided by R.S. Means includes the price of air conditioning (R.S. [12]). 
© Not applicable. 
f Based on estimations from the U.S. Department of Energy: Energy Efficiency & Renewable Energy (U.S. Department of Energy 2008). 
£ Fantech SHR3005R SHR Series, with 247 ft?/min, and apparent sensible effectiveness of 91% at —25°C ([18], Fantec 2010). 
n Based on information from the Government of Canada: Sector Sustainability Tables [16]. 
i A grid tie solar power system based on estimation provided by Wholesale Solar [25]. 
Table 5 
Comparison of Energy expenditure between examined houses. 
For the entire house Per square foot 
ACH R-2000 ZNH ACH R-2000 ZNH 
Cost of construction ($USD) 203,660 215,260? 235,060" 101.83 107.63 117.53 
Electrical use (kWh/year) 7200 5040° 5040!2 3.6 2.52 2.52 
Electrical use (kWh/year) from the grid 7200 5040 0 3.6 2.52 0 
Electrical use cost ($USD/year) 454 318 0 0.23 0.16 0 
Natural gas (GJ/year) 130 91!2 0 0.065 0.046 0 
Natural gas cost ($USD/year) 1511 1057!2 0 0.76 0.53 0 
Electricity & gas cost ($USD/year) 1964.24 1374.97 0 0.98 0.69 (0) 
Electrical & gas in (GJ/year) 145.92 102.144 0 0.073 0.051 0 


4 Additional cost of 5% based on Natural Resources Canada information (NRCan 2010). 


b Additional cost of 15% based on calculation demonstrated in Table 4. 


© At 30% efficiency based on Natural Resources Canada information (NRCan 2010). 


5. Conclusions 


The author examined the ZNH concept and made preliminary 
assessments for the suitability of its application in Alberta and its 
ability in minimizing GHG emissions by reducing reliance on fos- 
sil fuel. Based on literature review and a preliminary assessment 
between ACH, R-200 and ZNH, the author concludes the following: 


1. Only a small body of literature examines ZNH, more extensive 
large-scale research is required within Alberta to determine the 
benefits and challenges more accurately. 

2. The existing body of literature leans towards agreeing, with 
mixed results, that building ZNH is capable of delivering financial 
and environmental returns. 

3. Solar insolation values in Alberta are considered suitable for gen- 
erating electricity sufficient to meet typical demand using PV 
arrays. 

4. Southern Alberta boasts a great potential for geothermal energy 
with reserves estimations that dwarf all Canadian fossil fuel 
reserves. 

5. AZNH house costs approximately 15% more than the ACH house. 
This extra cost falls within the range indicated by reviewed 
literature. This additional cost is redeemable through savings 
generated from the elimination of natural gas expenses. 

6. ZNH model appear capable of creating financial benefits with 
some designs performing better than others. 

7. ZNH is able to offset emissions from energy use, and also it is 
arguably capable of reducing energy requirements. 


8. Offsetting the GHG emissions of new construction can have a 
significant impact on GHG emissions. 


The zero net house thus appears to offer significant environmen- 
tal and economical benefits for Alberta. Systems producing energy 
within the ZNH framework seem capable of meeting current energy 
needs; eliminate the reliance on fossil fuel and offer financial ben- 
efits. The positive environmental impact, in the form of GHG offset 
is equally significant. A widespread implementation of ZNH would 
arguably reduce Alberta’s GHG emissions by more than 25%. 


6. Recommendations 


The IPCC and Mckinsey analyses repeatedly demonstrated that 
efficiency is a significant energy resource that offers opportunities 
for addressing GHG emissions. The IPCC stated that “changes in 
occupant behavior, cultural patterns and consumer choice and use 
of technologies can result in considerable reduction in COz emis- 
sions related to energy use in buildings” (2007). Guided by the IPCC 
principles of climate change mitigation, and the research demon- 
strated in this paper the author recommends that the Government 
of Alberta take the following steps: 


1. Conduct large-scale studies that consider the inclusion of ZNH 
specifications into the provincial building code. Studies should 
consider the social, psychological, economical and environmen- 
tal impact of implementing ZNH specifications. 

2. Investigate a possible scheme that would transition build- 
ing code incrementally and efficiently with “a broad building 
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retrofit program, energy labeling requirements, a renovation 
code, and/or requiring energy upgrades during transfer of own- 
ership” (AEEA 2009). 


Due to complexities inherent in the previous recommendations the 
author endorses the establishment of “an expert technical advisory 
committee with representation including government, municipal- 
ities, and builders to provide advice on how to maximize the 
effectiveness of changes to the building code” (AEEA 2009). 
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